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Abstract 

This  study  was  undertaken  to  evaluate  the  economic  feasibility  of  cogeneration 
at  sawmills  in  West  Virginia,  using  wood  residue  for  boiler  fuel.  In  making  the 
study,  it  was  assumed  that  certain  types  of  conventional  kiln  drying  were  highly 
profitable,  and  that  the  initial  step  in  making  a  cogeneration  investment  was  to 
decide  whether  or  not  to  invest  in  equipment  to  produce  process  steam  for  a  dry 
kiln.  Once  this  decision  has  been  made,  it  can  be  decided  if  an  incremental 
investment  in  a  complete  cogenerating  system  is  economically  desirable.  This 
study  is  concerned  only  with  incremental  cash  flows. 

At  the  time  cash  flow  calculations  were  made,  it  was  uncertain  whether  tax 
reform  legislation  then  before  Congress  would  contain  provisions  for  invest- 
ment or  energy  tax  credits.  It  was  decided  to  provide  a  basis  for  comparing  the 
1985  situation  with  the  worst  future  situation  envisioned,  where  no  tax  credits 
would  be  permitted. 

To  avoid  disclosure,  the  actual  companies  studied  were  designated  Firms  A, 
B,  and  C.  The  total  capital  investment  in  the  cogenerating  system  ranged  from 
$2,113,650  for  Firm  B  to  $358,050  for  Firm  C.  The  latter  figure  represented 
investment  entirely  in  used  equipment.  For  Firm  A,  NPV  calculations  were 
acceptable  both  when  it  was  assumed  tax  credits  could  be  taken  and  when  they 
could  not.  Firm  A  was  making  an  attractive  profit  on  its  cogeneration.  For  Firm 
B,  however,  the  NPV  was  acceptable  when  tax  credits  could  be  taken  and 
unacceptable  otherwise.  NPV's  for  Firm  C  were  acceptable  for  both 
alternatives. 

Hypothetical  cases  were  defined  for  four  sawmill  size  classes:  15, 10, 5,  and  1, 
all  in  millions  of  board  feet  annually.  An  investment  ranging  from  $2,017,785 
for  the  largest  sawmill  size  to  $643,681  for  the  smallest  was  required  for  the 
cogenerating  system.  For  sawmills  cogenerating  24  hours  per  day  for  360  days 
per  year,  assuming  tax  credits  could  be  taken  and  avoided  costs  were  $0,035  per 
kwh,  the  NPV  figures  were  economically  acceptable  for  all  but  the  smallest  size 
class  mill.  When  no  tax  credits  were  permitted,  and  avoided  costs  were  held  at 
the  $0,035  per  kwh  level,  only  the  15  and  10  million  board  feet-size  classes  were 
economically  feasible.  When  no  tax  credits  were  allowed,  and  avoided  costs 
were  reduced  to  $0.0175,  all  four  size  classes  were  economically  infeasible. 

Cogenerating  for  only  10  hours  per  day  for  250  days  per  year  mainly  to  meet 
the  plants'  own  needs  for  electricity  does  not  appear  to  be  as  productive  as 
cogenerating  for  longer  periods  and  selling  the  excess  electricity.  Assuming  tax 
credits  were  permitted  and  avoided  costs  were  $0,035  per  kwh,  hypothetical 
firms  cogenerating  only  10  hours  per  day  produced  economically  acceptable 
NPV's  only  for  the  two  largest  size  class  sawmills.  When  no  tax  credits  were 
permitted,  with  avoided  costs  at  the  $0,035  per  kwh  level,  only  the  largest  size 
class  sawmill  was  feasible.  This  same  size  class  was  feasible  with  no  tax  credits 
and  avoided  costs  at  $0.0175  per  kwh. 

iii 


There  appear  to  be  substantial  economies  to  scale  associated  with  cogenera- 
tion  at  sawmills.  This  process  is  decidedly  more  attractive  to  those  firms 
producing  10  million  and  more  board  feet  annually.  Furthermore,  these  larger 
sawmills  are  in  a  stronger  position  to  attract  the  financing  investments  that 
cogeneration  requires.  Experience  gained  at  such  large  installations  will 
determine  whether  cogeneration  at  sawmills  will  play  an  important  role  in  the 
future  development  of  the  lumber  industry. 
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Economic  Feasibility  of 

Cogeneration  at  Sawmills  in 

West  Virginia 

Samuel  M.  Brock,  David  W.  Patterson  and  Joshua  O.  Ruan 

Introduction 

Production  costs  have  been  rising  in  the  lumber  industry  for  many  years. 
Revenues  have  not  always  increased  at  concommitant  rates.  Many  sawmill 
operators,  caught  in  this  cost-revenue  squeeze,  have  been  forced  out  of 
business.  Lumber  prices  have  been  increasing  owing  to  the  cost  increase. 
Consequently,  the  industry  has  been  producing  less  abundantly  at  a  higher  cost 
rather  than  more  abundantly  at  a  lower  cost  (Duerr  1960).  This  is  symptomatic 
of  a  declining  industry. 

Under  the  circumstances  it  behooves  those  interested  in  the  economic  health 
of  the  lumber  industry  to  look  for  ways  to  reduce  costs  or  increase  revenues. 
Investments  in  conventional  steam-heated  dry  kilns  with  wood  residue-fired 
boilers  and  steam  electric  generators  may  help  to  improve  the  profitability  of 
lumber  making.  Kiln  drying  produces  a  higher  value  product  which  yields  an 
attractive  return  on  invested  capital.  Using  some  of  the  process  steam  to  operate 
a  generator  can  make  a  sawmill  energy  self-sufficient  while  producing  some 
electricity  for  sale,  a  direct  boost  to  revenues.  Information  on  the  economic 
feasibility  of  generating  electricity  through  a  cogenerative  process  for  sawmills 
in  West  Virginia  will  be  compiled  in  this  research.  In  doing  so  it  will  be  assumed 
that  certain  systems  of  conventional  kiln  drying  are  highly  profitable,  and  that 
the  initial  step  in  making  a  cogeneration  investment  is  to  decide  whether  or  not 
to  invest  in  equipment  to  produce  process  steam  for  a  dry  kiln.  Once  this 
decision  has  been  made,  it  can  be  decided  if  the  additional  investment  in  a  larger 
boiler  (when  appropriate),  a  generator,  and  associated  electrical  hardware  is 
economically  desirable. 

There  is  a  strong  economic  incentive  for  sawmill  operators  to  utilize  wood 
residue  for  fuel  in  an  attempt  to  become  more  energy  self-sufficient.  Prices  of 
competing  fuels  such  as  oil  and  natural  gas  have  increased  rapidly  since  the  oil 
crisis  of  1973.  Currently,  wood  is  one  of  the  cheapest  fuels  available.  At  a  price 
of  $  1 2  per  ton,  dry  wood  residue  costs  only  $1.12  per  million  Btu.  On  the  other 
hand,  at  a  price  of  $0.90  per  gallon,  oil  costs  $7.50  per  million  Btu.  And  natural 
gas  priced  at  $0.45  per  Therm  costs  $5.63  per  million  Btu.  So  utilization  of 
wood  residue  provides  the  sawmill  operator  with  a  very  favorable  opportunity 
to  substitute  relatively  inexpensive  energy  for  higher  priced  fuel. 
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Objectives 

The  main  objective  of  this  study  was  to  develop  a  computer  program  for 
evaluating  investment  opportunities  in  cogeneration  at  sawmills  and  to  use  it  to 
calculate  net  present  value  (NP  V)  for  three  actual  cases  and  several  hypothetical 
ones.  The  latter  were  designed  to  span  the  range  in  size  of  sawmills  in  West 
Virginia.  These  computations,  and  associated  information,  should  be  useful  to 
sawmill  operators,  government  officials,  and  extension  personnel  in  evaluating 
the  economic  feasibility  of  cogeneration. 

Studies  on  the  Economics  of  Kiln  Drying 

Metz  (1985)  recently  completed  a  comprehensive  study  of  the  economics  of 
lumber  drying  at  a  central  location  in  West  Virginia.  Enterprises  evaluated 
included  kiln  drying  green  lumber,  kiln  drying  air-dried  lumber,  and  kiln 
drying  lumber  that  had  been  partially  dried  in  a  low-temperature  pre-drier.  A 
conventional  steam-heated  kiln  with  a  wood  residue-fired  boiler  was  used  in 
these  drying  applications. 

Metz  (1985)  used  NPV  as  a  criteria  for  evaluating  each  system.  A  discount 
rate  of  15  percent  was  used  in  this  analysis,  and  a  ten-year  period  was  adopted 
for  making  projections.  The  conventional  steam-heated  kiln  loading  green 
lumber  produced  a  NPV  of  minus  $193,475,  which  obviously  would  not  be 
acceptable.  Loading  air-dried  lumber  into  the  kiln  was  profitable,  however. 
This  system  showed  a  NPV  of  $3,387.  Thus,  it  would  generate  a  return  of  over 
15  percent  on  invested  capital  with  an  annual  output  of  5.4  million  board  feet. 

The  most  profitable  investment  was  the  steam-heated  kiln  loaded  with 
pre-dried  lumber.  This  system  required  less  land  and  far  less  inventory  than 
did  the  system  using  air-dried  lumber.  The  NPV  was  $1,202,107.  The  annual 
volume  was  5.4  million  board  feet,  as  was  the  case  with  the  air-dried  system. 
The  pre-dried  lumber  system  was  by  far  the  most  attractive  of  the  three 
conventional  kiln  alternatives  considered  (Metz  1985). 

A  1981  study  on  the  economics  of  lumber  drying  by  Fields  and  Duncan 
produced  similar  results.  In  this  study,  made  for  East  Kentucky,  loading  green 
lumber  into  a  conventional  kiln  heated  with  a  wood  residue-fired  boiler  was  not 
financially  attractive.  On  the  other  hand,  a  conventional  kiln  loading  air-dried 
lumber  yielded  a  return  on  investment  (ROI)  of  17.5  percent.  But  by  investing 
in  a  fan  pre-drier  and  reducing  the  investment  in  land  and  plant  proportion- 
ately, a  slightly  larger  overall  investment  can  yield  up  to  33.4  percent  ROI.  This 
higher  ROI  results  from  the  high  production  level  achieved  when  lumber 
enters  the  kiln  at  a  consistent  20  percent  moisture  content  from  the  pre-drier 
instead  of  an  average  25  percent  when  air-dried  (Fields  and  Duncan  1981). 

Thus,  two  independent  studies  have  shown  loading  of  air-dried  and  pre- 
dried  lumber  into  a  conventional  steam-heated  kiln  with  wood  residue-fired 


boiler  would  yield  a  profitable  product.  It  is  assumed  that  such  enterprises 
would  be  similarly  profitable  for  the  cases  studied  in  the  present  research. 

In  1985,  Walton  developed  an  interactive  computer  program,  written  in 
Basic,  designed  to  determine  the  economic  feasibility  of  installing  conventional 
steam-heated  dry  kilns  and  a  wood  residue-fired  boiler.  This  program  is  similar 
in  some  respects  to  the  one  developed  here,  and  is  available  through  the  West 
Virginia  University  Division  of  Forestry. 

Study  Methods 

Selecting  Actual  Cases 

There  were  no  cogenerating  sawmills  operating  in  West  Virginia  during  1985. 
There  was  one  sawmill  so  equipped  but  it  did  not  operate.  So  all  three  actual 
cases  studied  in  this  project  were  located  in  neighboring  states. 

The  first  case  studied  was  located  in  Pennsylvania,  about  a  two-hour  drive 
from  the  West  Virginia  University  campus  in  Morgantown.  This  was  the  only 
sawmill  in  Pennsylvania  using  steam  to  generate  electricity.  Virginia  had  two 
sawmills  operating  steam  electric  generators,  but  one  of  these  was  experiencing 
significant  difficulties  and,  having  limited  regular  operating  data,  was  not 
studied.  The  third  and  last  case  studied  was  the  only  cogenerating  sawmill  in 
Kentucky. 

The  actual  case  study  firms  cooperating  in  this  study  were  not  identified 
owing  to  the  confidential  and  revealing  nature  of  the  information  they  supplied 
about  their  operations.  In  presenting  the  results,  only  limited  descriptive 
information  was  provided  so  that  these  firms  may  not  be  easily  identified,  and 
the  state  in  which  a  particular  firm  was  located  was  not  indicated.  For  purposes 
of  this  report,  these  sawmills  will  be  designated  Firms  A,  B,  and  C,  not 
necessarily  in  the  order  given  above. 

Cogeneration  at  sawmills  producing  steam  heat  for  dry  kilns  and  electricity 
from  the  same  energy  source,  occurs  very  infrequently  in  West  Virginia  and 
neighboring  states.  The  reasons  for  this  should  become  more  apparent  as  the 
results  of  this  research  are  related. 

Special  forms  were  used  to  collect  data  on  purchased  equipment  costs  from 
the  sawmill  owner  or  manager.  Unfortunately,  the  respondents  usually  could 
not  provide  information  on  installation  costs,  other  plant  construction  costs 
including  instrumentation  and  controls,  piping,  buildings,  and  indirect  costs. 
Data  required  to  calculate  the  difference  in  fuel  costs  with  and  without 
cogeneration  (incremental  fuel  costs)  were  available  and  obtained,  as  was 
information  necessary  to  compute  the  incremental  electricity  savings.  The 
latter  represent  the  revenues  earned  by  generating  electricity,  both  for  the 
firm's  own  use  and  for  sale  to  an  electric  utility.  The  last  category  of  data 
collected  was  other  operating  and  maintenance  costs,  which  included  operating 


labor,  annual  routine  maintenance,  costs  for  water  and  chemicals  for  water 
treatment,  and  insurance.  The  base  case  (without  cogeneration)  operating  and 
maintenance  costs  also  were  determined. 

Defining  Hypothetical  Cases 

The  hypothetical  cases,  all  assumed  to  operate  in  West  Virginia,  were  for  four 
sawmill  size  classes.  These  were  sawmills  with  annual  production  of  15  million 
board  feet,  10  million  board  feet,  5  million  board  feet,  and  1  million  board  feet. 
Two  scenarios  were  envisioned  for  each  of  these  four  sawmill  sizes.  Under  one, 
the  sawmill  would  cogenerate  for  24  hours  per  day  for  360  days  per  year,  with 
five  days  down  time  for  annual  maintenance.  Under  the  other,  the  sawmill 
would  cogenerate  for  10  hours  per  day  for  250  days  per  year.  In  the  first 
instance  the  firm  would  produce  excess  electricity  for  sale  while  meeting  all  of 
its  own  needs  for  power.  In  the  second  one,  a  small  amount  of  electricity  would 
be  available  for  sale  but  the  main  objective  would  be  to  satisfy  the  firm's  own 
needs  for  power. 

For  the  hypothetical  cases,  information  on  the  purchase  price  of  equipment 
was  supplied  by  manufacturers,  as  were  data  on  fuel  use  and  maintenance  costs. 
Some  equipment  manufacturers  also  provided  estimates  of  installation  costs, 
but  none  was  able  to  supply  other  cost  items  needed  such  as  outlays  for  piping, 
buildings,  indirect  costs,  and  the  like. 

Cost  data  for  new  250  psig  wood-burning  boilers  complete  with  fuel  storage 
and  handling  equipment  were  obtained  from  R.  W.  Gorman  Associates  of 
Washburn,  Wisconsin.  This  firm  also  supplied  information  on  fuel  use.  These 
data  were  procured  for  each  sawmill  size  class.  Data  on  steam  turbine  generator 
purchase  costs  were  supplied  by  Terry  Corporation  of  Windsor,  Connecticut. 
Information  on  the  cost  of  major  electrical  gear  was  obtained  from  O'Brien 
Machinery  Company  of  Downingtown,  Pennsylvania.  These  cost  estimates 
were  verified  for  accuracy  by  comparing  them  with  figures  obtained  from  a  few 
other  companies  for  each  sawmill  size  class. 

Using  Multipliers  to  Estimate  Investment 

It  was  relatively  easy  to  obtain  purchase  prices  for  all  of  the  equipment  used  in 
cogeneration  for  both  the  actual  cases  and  for  the  hypothetical  ones.  However, 
it  was  not  possible  to  obtain  detailed  information  on  other  construction  and 
indirect  costs.  These  costs  are  needed  to  compute  fixed  capital  investment,  a 
figure  required  for  economic  analysis  of  the  cogeneration  enterprise.  Fortu- 
nately, using  a  well-established  engineering  technique,  these  latter  unknown 
costs  could  be  estimated. 

This  technique  recognizes  that  the  cost  of  a  plant  may  be  obtained  by 
multiplying  the  basic  equipment  cost  by  some  factor  to  approximate  capital 
investment.  The  percentages  given  in  Table  1  were  used  in  this  study  to 


estimate  fixed  capital  investment  based  on  delivered  equipment  cost.  They 
were  taken  from  Peters  and  Timmerhaus  (1980)  and  modified  for  application  in 
this  research.  Total  purchased  equipment  costs  were  multiplied  by  the  factor 
2.31  to  estimate  fixed  capital  investment  for  all  cases  presented  here. 

The  percentages  given  in  Table  1  are  for  plant  additions  at  an  existing  site, 
not  for  a  new  plant  at  an  undeveloped  site.  They  are  based  upon  average  values 
for  typical  plants,  modified  on  the  basis  of  information  gathered  in  this  study. 
For  example,  a  manufacturer  estimated  installation  costs  at  30  percent  of 
equipment  costs.  This  figure  was  entered  in  Table  1  and  used  in  the  analysis. 


Table  1 

Ratio  factors  for  estimating  capital  investment  based  on  delivered  equipment 

cost. 


Percent  of 
Item  equipment  cost 


Purchased  equipment  100 

Installation  30 

Piping  (installed)  31 

Electrical  (installed)  10 

Buildings  (including  services)  15 

Engineering  and  supervision  24 

Contingency  21 


Fixed  capital  investment  231 

Constructing  the  Cash  Flow  Table 

Methods  of  computation,  prices,  costs,  escalation  rates,  and  assumptions  made 
in  the  analyses  are  presented  in  this  section.  A  standard  set  of  economic 
variables  was  used  in  making  projections.  Assumptions  regarding  realistic 
changes  in  these  variables  also  were  explained.  These  changes  in  an  element  of 
the  problem  were  made  to  determine  the  sensitivity  of  the  outcome  to 
uncertainties  regarding  the  value  of  a  particular  element.  If  a  small  change  in 
the  estimate  of  one  element  will  alter  the  decision,  the  decision  is  said  to  be  very 
sensitive  to  changes  in  the  estimates  of  that  element. 

The  discounted  cash  flow  analyses  required  the  construction  of  a  cash  flow 
table  showing  an  array  of  returns  and  costs  with  a  20-year  planning  horizon 
covering  the  following  variables:  revenues  (electricity  savings),  expenses 
(incremental  fuel  costs  and  other  incremental  operating  and  maintenance 
costs),  depreciation,  interest,  taxes  paid,  net  after  tax  profit,  and  cash  flow. 


Revenues  and  expenses  were  determined  for  the  base  year  (1985)  in  a  manner 
soon  to  be  described.  These  variables  were  multiplied  by  nominal  escalation 
rates  to  obtain  the  estimated  returns  or  costs  for  the  year  the  cash  flows  occur. 
Unadjusted  escalation  rates  were  in  real  terms  based  upon  1980  dollars.  Then, 
since  income  taxes  are  assessed  in  current  dollars,  and  interest  and  loan 
payments  are  also  in  current  dollars,  the  analysis  was  based  on  a  nominal  rate  of 
escalation.  The  inflation  rate  was  assumed  to  be  4  percent  per  year.  The 
nominal  rate  equals  the  inflation  rate  plus  the  real  rate,  plus  the  inflation  rate 
times  the  real  rate. 

The  cash  flows  analyzed  in  this  study  are  incremental  revenues  and  expenses. 
For  the  actual  cases,  the  base  case  consisted  of  the  existing  boiler  and  all 
equipment  needed  to  produce  sufficient  steam  to  heat  the  dry  kiln(s)  required 
to  season  the  sawmill's  output  of  high  quality  lumber  (#1  common  and  better). 
The  cogenerating  system  for  the  actual  cases  consisted  of  the  existing  boiler,  a 
generator,  major  electrical  equipment,  and  all  other  equipment  and  accessories 
needed  to  operate  the  generator  and  heat  the  dry  kilns.  The  incremental 
investment  was  the  value  of  the  generator  and  associated  equipment  needed  to 
convert  the  base  case  to  a  cogenerating  facility. 

The  base  case  boiler  size  for  the  hypothetical  cases  was  determined  by  the 
requirement  for  steam  for  kiln  drying,  whereas  boiler  size  for  the  cogenerating 
system  depended  upon  the  requirement  for  steam  for  kiln  drying  and 
generating  electricity.  Thus,  a  somewhat  larger  boiler  was  required  for  the 
cogenerating  system  than  for  the  base  case.  The  incremental  investment  was 
the  value  of  the  extra  boiler  capacity,  the  generator,  and  associated  equipment 
needed  to  transform  the  base  case  to  a  cogenerating  facility.  Therefore  there  is  a 
small  difference  in  the  economic  analysis  of  the  actual  cases  compared  to  the 
hypothetical  ones. 

Electricity  savings  (actual  firms) 

Firm  A  cogenerated  less  electricity  than  it  used  during  hours  of  plant  operation. 
The  sawmill  operated  two  shifts  of  seven  and  one-half  hours  each  for  five  days 
per  week.  It  purchased  electricity  to  make  up  the  deficit.  Electricity  savings 
through  cogeneration  were  calculated  by  estimating  the  kwh  provided  annually 
by  Firm  A  during  hours  of  sawmill  operation  and  multiplying  by  $.073,  the 
electricity  rate.  The  kwh  cogenerated  annually  at  night  and  on  weekends  were 
estimated  and  multiplied  by  $.023,  the  off  peak  avoided  cost  rate  at  which  the 
utility  purchased  electricity.  The  total  revenue  earned  through  cogeneration 
was  the  sum  of  annual  savings  realized  during  plant  operation  and  the  annual 
value  of  excess  electricity  sold  during  off  hours.  Firm  A  earned  somewhat  more 
revenue  from  cogeneration  by  operating  on  two  shifts. 

Firm  B  cogenerated  sufficient  electricity  to  meet  its  needs  during  hours  of 
sawmill  operation.  Annual  use  of  electricity  if  purchased  was  estimated  in  kwh 


from  electrical  bills  for  the  year  preceding  installation  of  the  cogenerating 
system.  This  was  muhiplied  by  $.08,  the  electricity  rate,  to  estimate  savings 
attributable  to  cogeneration.  The  excess  kwh  cogenerated  annually  on  peak 
were  estimated  by  subtracting  annual  inplant  use  from  estimated  annual  on 
peak  cogeneration.  This  excess  was  multiplied  by  $.055,  the  avoided  cost,  to 
estimate  sales  revenues  on  peak.  Estimated  annual  off  peak  cogeneration  in  kwh 
was  multiplied  by  $.025,  the  off  peak  avoided  cost,  to  calculate  the  remaining 
sales  revenue.  Off  peak  cogeneration  was  limited  owing  to  the  relatively  low  off 
peak  rate.  The  sum  of  the  savings  on  electricity,  realized  during  plant 
operations,  and  the  value  of  the  excess  sold  was  equal  to  total  revenue. 

Firm  C  had  the  capacity  to  cogenerate  all  of  its  own  electricity  and  to  produce 
an  excess  for  sale.  It  did  neither.  Firm  C  had  a  contract  with  its  utility  to  provide 
it  with  electricity  in  case  of  a  breakdown  in  the  cogenerating  system.  Under 
terms  of  this  contract,  it  was  obligated  to  purchase  a  minimum  amount  of 
energy.  Revenues  attributed  to  cogeneration  were  calculated  as  follows.  Annual 
use  in  kwh  was  estimated  from  electricity  bills  of  previous  years.  From  this,  the 
kwh  purchased  were  subtracted.  The  remaining  kwh  were  multiplied  by  $.065, 
the  electricity  rate,  to  arrive  at  an  estimate  of  savings.  The  cogenerating  system 
of  Firm  C  was  not  interconnected  to  the  utility,  so  no  purchase  price  had  been 
established  and  no  sales  of  electricity  made. 

Electricity  savings  (hypothetical  firms) 

For  the  hypothetical  examples,  an  equation  relating  electricity  use  to  sawmill 
size  was  used  to  estimate  electricity  cost  if  purchased.  This  equation  was 
developed  from  data  collected  on  electricity  use  from  37  West  Virginia  sawmills 
in  1984-85  (Patterson  and  Brock  1986).  The  equation,  which  was  used  to 
estimate  monthly  use  for  the  four  size  classes  previously  defined,  is  as  follows: 

Y  =  4760  +  2750X  +  775  X2 

where:  Y  is  the  monthly  electricity  usage  (kwh)  and  X  is  the  mill  size  (mmbf). 

The  annual  electricity  cost  was  computed  by  multiplying  the  monthly  usage 
given  above  by  12,  and  then  by  $0.07.  The  latter  figure  was  deemed  appropriate 
for  use  here  based  on  information  on  electric  rates  gleaned  from  the  sawmill 
survey  (Patterson  and  Brock  1986). 

Avoided  costs  are  the  savings  a  utility  realizes  from  not  having  to  generate  the 
power  itself  or  purchase  it  from  the  grid.  Under  the  Public  Utility  Regulatory 
Policies  Act  of  1978  (PURPA),  the  rate  paid  to  the  cogenerator  for  purchased 
power  may  not  exceed  the  avoided  cost.  The  assumed  $0,035  per  kwh  avoided 
cost  used  in  this  study  was  provided  by  a  utility  operating  in  West  Virginia.  In 
sensitivity  analysis,  the  avoided  cost  was  reduced  to  $0.0175  per  kwh  to 
determine  the  effect  on  NPV. 

Each  of  the  four  sawmill  size  classes  making  up  the  hypothetical  examples 
was  provided  with  a  generator  of  sufficient  size  to  make  it  self-sufficient  in 


electricity.  The  total  amount  of  electricity  generated  per  year  for  each  example 
was  next  estimated.  From  this,  the  annual  inplant  use  was  subtracted  to 
determine  the  excess.  The  surplus,  in  kwh,  was  multiplied  by  $0,035,  the 
avoided  cost.  This  was  a  24-hour-a-day  figure — there  was  no  on  peak  or  off 
peak.  Sales  revenues  were  added  to  the  annual  electricity  cost  if  purchased  to 
obtain  the  incremental  electricity  savings  (revenue). 

Electricity  savings  or  revenues  were  projected  to  increase  at  a  real  annual  rate 
of  1  percent  from  1985  through  the  20-year  period  of  analysis.  This  is  a  very 
conservative  rate  of  increase.  With  an  assumed  annual  rate  of  inflation  of  4 
percent,  the  nominal  rate  of  escalation  for  this  variable  was  5.04  percent. 

Incremental  fuel  cost 

For  the  actual  cases,  the  owner  or  manager  was  able  to  provide  an  estimate  of 
fuel  use  in  tons  per  hour  with  and  without  cogeneration.  For  the  hypothetical 
examples,  fuel  use  per  hour  was  obtained  from  the  equipment  manufacturers. 
In  these  cases,  sawdust  and  bark  only  were  burned.  Chips,  being  more  valuable, 
were  assumed  to  be  sold  to  the  pulp  and  paper  industry  or  other  users. 

During  cogeneration,  it  was  assumed  that  wood  residue  would  be  fed  into  the 
boiler  at  rates  approaching  capacity.  During  periods  when  the  generator  was 
turned  off,  as  under  the  ten  hours  of  cogeneration  per  day  assumption,  lesser 
amounts  of  fuel  would  be  used,  and  the  boiler  would  be  turned  down.  Annual 
fuel  use  during  cogeneration  was  calculated  by  multiplying  fuel  use  in  tons  per 
hour  by  number  of  cogenerating  hours  per  year.  Where  cogeneration  was 
intermittent,  fuel  use  in  tons  per  hour  at  turndown  rates  was  determined  and 
multiplied  by  annual  hours  operated  at  turndown.  This  latter  estimate  was 
added  to  fuel  use  during  cogeneration  to  arrive  at  total  fuel  use.  A  similar 
approach  was  used  to  estimate  total  fuel  use  without  cogeneration.  Annual  fuel 
costs  were  estimated  by  multiplying  annual  fuel  use  by  the  price  of  wood 
residue  per  ton. 

For  the  actual  cases,  price  information  was  supplied  by  the  owner  or 
manager.  Firm  A  used  a  mixture  of  sawdust,  bark,  and  chips  with  a  price  per 
ton  at  the  sawmill  of  $5  for  the  former  fuels  and  1 16  for  chips.  The  price  of  wood 
fuel  per  ton  for  Firm  B  was  $6,  while  at  Firm  C  wood  residue  had  no  value. 
Firm  C  could  sell  its  sawdust  for  $6  per  ton  delivered,  but  delivery  costs 
amounted  to  about  $6  per  ton.  Thus,  its  opportunity  cost  for  fuel  was  zero. 
Estimation  of  annual  fuel  costs  without  cogeneration  (the  base  case)  proceeded 
in  a  manner  similar  to  that  given  for  the  cogenerating  system  described  above. 
The  difference  in  the  two  estimates,  with  and  without  cogeneration,  was  the 
annual  incremental  fuel  cost. 

Determining  the  average  cost  per  ton  of  wood  residue  fuel  for  the 
hypothetical  cases  was  somewhat  complex.  What  is  needed  is  the  average  cost  of 
the  additional  fuel  required  to  go  from  the  base  case  to  the  cogenerating  system. 
When  cogenerating  for  24  hours  per  day  for  360  days  per  year,  consumption  of 
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sawdust  and  bark  for  fuel  exceeds  production  of  residue.  Consumption  also 
exceeds  production  for  the  larger  sawmills  cogenerating  ten  hours  per  day  for 
250  days  per  year.  It  was  assumed  that  this  deficit  could  be  made  up  through 
purchases  from  neighboring  sawmills  at  a  delivered  price  of  |9  per  ton.  The 
value  of  sawdust  and  bark  at  West  Virginia  sawmills  was  estimated  to  be  no 
more  than  $2  per  ton  as  it  is  produced  at  the  mill.  Some  sawmill  operators  in  the 
state  are  disposing  of  wood  residue  in  landfills.  In  such  cases  there  is  a  cost,  so 
the  residue  has  a  negative  value. 

To  illustrate  calculation  of  the  average  cost  per  ton  of  wood  residue  for  the 
hypothetical  cases,  a  sawmill  producing  15  million  board  feet  and  cogenerating 
24  hours  per  day  was  used  as  an  example.  Such  a  sawmill  consumes  an 
estimated  43,200  tons  of  residue  per  year,  and  produces  an  estimated  19,950 
tons  of  sawdust  and  bark  on  the  average  per  year  (Patterson  and  Brock  1986). 
Residue  consumption  for  the  base  case  amounts  to  8,640  tons  per  year.  The 
price  of  residue  is  $2  per  ton  for  the  difference  between  the  19,950  tons 
produced  and  8,640  tons  base  case  consumption.  The  cost  to  the  sawmill  on  this 
part  of  the  incremental  fuel  use  is  $2  times  1 1,3 10  tons  or  $22,620.  The  price  of 
residue  is  $9  per  ton  on  the  difference  between  the  43,200  tons  cogenerating 
system  consumption  and  the  19,950  tons  of  sawdust  and  bark  production.  The 
cost  to  the  sawmill  on  this  part  of  the  incremental  fuel  use  is  $9  times  23,250 
tons  or  $209,250.  The  incremental  fuel  cost  is  $231,870  and  incremental  fuel 
use  is  34,560  tons.  So  the  average  fuel  cost  is  $6.71  per  ton.  Average  costs  per 
ton  for  sawmills  cogenerating  24  hours  per  day  are  lower  for  smaller  mills 
because  they  purchase  proportionately  smaller  amounts  of  the  higher  priced 
residue  (Table  2).  Sawmills  producing  5  and  1  million  board  feet  per  year  and 
cogenerating  only  ten  hours  per  day  produce  more  residue  than  they  consume, 
so  their  costs  are  only  $2  per  ton. 

Incremental  fuel  costs  were  projected  to  increase  at  a  real  annual  rate  of  2 
percent  during  the  20-year  planning  period  (Lin  1982).  With  inflation  at  4 
percent,  the  nominal  rate  of  escalation  in  fuel  costs  was  6.08  percent. 

Table  2 

Average  cost  per  ton  of  incremental  fuel  used,  by  mill  size  and  number  of  hours 

cogenerating  per  day. 


Mill  size 

Cogenerating 

Cogenerating 

in  mmbf 

24  hours/day 

10  hours/day 

15 

$6.71 

$3.58 

10 

6.02 

2.15 

5 

4.96 

2.00 

1 

4.15 

2.00 

Other  incremental  operating  and  maintenance  costs 

Expenses  included  under  this  category  were  for  the  additional  operating  labor 
required  for  the  cogenerating  system  as  opposed  to  the  base  case,  the  additional 
maintenance  labor  and  parts,  the  additional  water  including  treatment  costs, 
and  the  additional  insurance.  These  costs  were  identified  during  the  interviews 
conducted  with  owners  or  managers  for  the  actual  cases.  Estimates  of 
maintenance  costs  for  the  hypothetical  examples  were  obtained  from  equip- 
ment manufacturers.  Since  the  interviewees  could  not  estimate  the  incremental 
property  taxes,  these  taxes  were  not  included  in  the  actual  case  analyses.  The 
taxes  were  estimated  for  the  hypothetical  cases,  however,  using  information 
provided  by  Metz  (1985). 

Other  incremental  operating  and  maintenance  costs  were  projected  to 
increase  at  a  real  annual  rate  of  1  percent,  or  a  nominal  rate  of  5.04  percent,  over 
the  20-year  planning  period. 

Depreciation 

To  reduce  income  tax  liabilities  an  investment  can  be  depreciated  over  several 
years.  For  this  analysis,  all  depreciation  was  based  upon  the  Accelerated  Cost 
Recovery  System  (ACRS).  Under  this  system,  the  equipment  of  a  wood-fired 
cogenerating  sawmill  can  be  depreciated  over  five  years  according  to  the 
following  schedule:  first  year  at  15  percent;  second  year  at  22  percent;  third 
through  fifth  year  at  21  percent.  This  schedule  was  used  in  all  income  tax 
computations. 

In  some  cases,  the  revenue  generated  by  the  cogenerating  system  was 
insufficient  to  provide  for  writing  off  the  full  allowable  depreciation  under 
ACRS.  In  such  cases,  it  was  assumed  that  sufficient  revenue  was  produced  in 
other  parts  of  the  lumber  manufacturing  enterprise  to  provide  the  basis  for 
writing  off  the  full  amount.  This  was  credited  to  the  cogenerating  system. 

Interest 

Substantial  investments  in  plant  and  equipment  are  necessary  to  initiate  a 
cogenerating  enterprise.  Firm  A  financed  80  percent  of  its  required  investment 
at  an  interest  rate  of  10  percent.  Firm  B  borrowed  75  percent  of  its 
requirements  at  an  interest  rate  of  8  percent,  while  Firm  C  obtained  60  percent 
of  its  funds  through  financing  at  an  interest  rate  of  10  percent.  All  three  firms 
had  a  repayment  period  of  ten  years  for  these  loans.  A  schedule  of  loan 
payments,  including  interest  and  principal,  was  computed  for  the  actual  cases 
and  used  in  the  cash  flow  analyses.  Interest  was  a  deduction  when  computing 
income  taxes. 

For  the  hypothetical  cases,  it  was  assumed  that  60  percent  of  the  required 
investment  would  be  financed.  The  loans  would  be  repaid  in  ten  annual 
installments,  with  interest  figured  at  12  percent. 
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Each  owner  or  manager  of  the  actual  sawmills  was  queried  to  learn  the  rate  he 
thought  could  be  earned  in  his  most  favorable  long-term  alternative  opportunity 
for  investment.  This  inquiry  resulted  in  alternative  rates  of  return  of  12  percent 
for  Firm  A,  10  percent  for  Firm  B,  and  10  percent  for  Firm  C.  These  rates 
probably  underestimate  the  risk  inherent  in  the  cogeneration  enterprise. 
Nevertheless,  they  were  used  to  discount  cash  flow  for  purposes  of  determining 
NPV.  A  discount  rate  of  15  percent  was  deemed  appropriate  for  use  with  the 
hypothetical  cases. 

Taxes  paid 

At  the  time  cash  flow  calculations  were  made,  it  was  uncertain  whether  tax 
reform  legislation  then  before  Congress  would  contain  provisions  for  invest- 
ment or  energy  tax  credits.  It  was  decided  to  provide  a  basis  for  comparing  the 
1985  situation  with  the  worst  future  situation  envisioned,  where  no  tax  credits 
would  be  permitted.  This  was  done  in  a  straightforward  manner  with  the  actual 
cases:  there  were  only  two  scenarios — with  tax  credits  and  with  none.  Only  the 
actual  electricity  revenues  were  used.  The  hypothetical  cases,  however,  were 
given  an  added  feature:  avoided  costs  were  assumed  to  be  at  two  levels, 
providing  three  scenarios.  Under  the  most  favorable  set  of  assumptions,  both 
tax  credits  were  allowed  while  avoided  costs  were  held  at  $0,035  per  kwh. 
Under  an  intermediate  set  of  assumptions,  neither  tax  credit  was  taken  while 
avoided  costs  were  held  at  the  $0,035  per  kwh  level.  In  the  least  favorable  case, 
neither  tax  credit  was  taken  while  avoided  costs  were  decreased  to  $0.0175  per 
kwh.  Tax  savings  from  the  credits  (if  any)  were  treated  as  if  they  had  occurred  at 
year  zero,  the  year  immediately  preceding  startup.  This  treatment  was  deemed 
sufficient  for  this  study  (Grant  et  al.  1976). 

For  the  actual  cases,  only  federal  income  taxes  were  included  in  the  analysis. 
No  state  taxes  were  taken.  For  the  hypothetical  examples,  located  in  West 
Virginia,  income  taxes  were  calculated  using  a  marginal  federal  rate  of  46 
percent  and  a  marginal  state  rate  of  7  percent.  An  effective  tax  rate  was 
computed  using  the  two  marginal  rates  as  follows: 

Effective  tax  rate  = 

Federal  rate  (1  -  state  rate)  +  state  rate 

Enterprises  operating  in  West  Virginia  also  have  to  pay  a  Business  and 
Occupation  (B&O)  Tax.  For  sales  of  electricity  to  electric  utilities  for 
subsequent  resale  to  the  ultimate  consumer,  the  B&O  tax  rate  is  4  percent  of 
gross  income  received  from  the  transaction.  There  is  no  B&O  tax  on  the  value  of 
electricity  generated  but  used  to  satisfy  the  plant's  own  needs. 

Net  after  tax  profit 

This  item  is  simply  computed  by  subtracting  taxes  paid  from  taxable  income. 
Taxable  income  is  the  difference  between  revenues  and  expenses,  depreciation, 
and  interest. 
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Cash  flow 

Cash  flow  was  computed  by  adding  depreciation  to  net  after  tax  profits  and 
subtracting  from  this  sum  that  component  of  the  loan  payment  constituting 
principal.  The  depreciation  is  not  a  cash  loss.  The  money  which  was  subtracted 
as  depreciation  from  revenues  in  determining  taxable  income  was  deducted  for 
tax  purposes  and  was  added  back  to  determine  cash  flow. 

Results 

Actual  Cases 

Firm  A  had  an  undersized  generator  compared  to  Firms  C  and  B  (Table  3). 
While  Firm  A's  steam  electric  generator  was  purchased  in  used  condition,  the 
boiler  was  a  1984  model.  It  was  large  enough  to  provide  sufficient  steam  for  1 1 
dry  kilns,  and  for  operating  the  generator.  Firm  B  had  a  highly  capitalized 
cogenerating  facility  with  all  new  equipment  (Table  3).  It  operated  no  steam- 
heated  dry  kilns,  so  the  total  capital  investment  in  the  cogeneration  system  may 
be  viewed  as  the  incremental  investment.  The  base  case  did  not  exist.  In  this 
situation  the  analyst  is  asking  if  it  pays  to  go  from  a  zero  base  to  the  cogenerating 
system,  rather  than  from  the  base  case  to  the  cogenerating  system  as  in  the  other 
examples.  Firm  C  utilized  all  used  equipment  for  its  cogenerating  system  which 
explains  its  relatively  low  total  capital  investment  (Table  3).  Its  boilers  had 
more  than  sufficient  capacity  to  produce  steam  for  its  three  dry  kilns  and 
generator. 

Table  3 

Capacity  of  generator,  total  capital  investment,  and  incremental  investment  for 
the  actual  sawmill  case  studies,  by  firm. 


Total  capital  investment 

Capacity  of 
Actual  generator        Cogenerating  Base  Incremental 

firm  in  kw  system  case  investment 


A  (lOmmbf) 
B  (15mmbf) 
C  (lOmmbf) 


540 
1,325 
1,000 


^, 339,800 

2,113,650 

358,050 


$935,550 


173,250 


I    404,250 

2,113,650 

184,800 


The  loan  amount  plus  tax  credits  (where  applicable)  minus  the  incremental 
investment  was  the  cash  outflow  in  year  zero  used  in  calculating  the  NPV. 
Selected  cash  flow  tables  for  these  computations  are  presented  in  the  Appendix 
to  illustrate  the  form  and  content  of  the  data  printout.  Only  investment  tax 
credits  were  taken  for  Firms  A  and  C  since  energy  tax  credits  were  not  allowed 
for  generators  and  related  equipment  (Table  4).  The  energy  tax  credit  taken  for 
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Firm  B  excluded  the  generators.  For  Firm  A,  the  NPV  was  positive  with  a 
discount  rate  of  12  percent,  under  both  assumptions  concerning  availability  of 
tax  credits.  The  NPV  for  Firm  B  was  positive  when  both  tax  credits  were  taken 
and  negative  when  no  tax  credits  were  permitted,  a  discount  rate  of  10  percent 
being  employed  in  the  calculations.  The  NPV  for  Firm  C  was  positive  under 
both  tax  credit  assumptions,  with  a  discount  rate  of  10  percent  (Table  4). 

Table  4 

Net  present  values  for  the  actual  sawmill  case  studies  by  firm  and  assumptions 

concerning  tax  credits. 

Net  present  value 

Actual  Tax  No  tax 

firm  credits  credits 

A  (10  mmbf)  $621,878*  $588,904 

B(15mmbf)  185,210  -111,308 

C  (10  mmbf)  182,024*  167,559 

*Only  investment  tax  credit  taken. 

Hypothetical  Cases 

The  capacity  of  the  generator  for  each  sawmill  size  class  included  in  the 
hypothetical  case  studies  is  given  in  Table  5.  As  can  be  seen  from  other  data 
presented,  a  considerable  investment  ranging  from  $2,017,785  for  the  largest 
sawmill  size  class  to  $643,681  for  the  smallest  is  required  for  the  complete 
cogenerating  system  (Table  5). 

Table  5 

Capacity  of  generator,  total  capital  investment  and  incremental  investment  for 
the  hypothetical  sawmill  case  studies,  by  mill  size. 

Total  capital  investment 


Capacity  of 

Mill  size 

generator 

Cogenerating 

Base 

Incremental 

in  mmbf 

in  kw 

system 

case 

mvestment 

15 

1,350 

$2,017,785 

$1,212,750 

$805,035 

10 

700 

1,665,510 

1,062,600 

602,910 

5 

250 

1,119,195 

785,400 

333,795 

1 

65 

643,681 

519,750 

123,931 
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The  investment  made  for  the  base  case  involves  a  somewhat  smaller  boiler  than 
is  needed  for  the  cogenerating  system.  The  loan  amount  plus  tax  credits  when 
taken,  minus  the  incremental  investment,  was  the  cash  outflow  at  the  beginning 
of  the  investment  period  for  each  cash  flow  analysis.  Selected  cash  flow  tables 
are  given  in  the  Appendix.  No  energy  tax  credit  was  taken  on  the  capital  value 
represented  by  the  generator. 

The  first  hypothetical  cases  considered  were  those  sawmills  cogenerating  24 
hours  per  day  for  360  days  per  year  (Table  6).  All  calculations  of  NPV  were 
carried  out  with  a  discount  rate  of  15  percent.  Assuming  both  tax  credits  could 
be  taken  and  avoided  costs  were  $0,035  per  kwh,  the  NPV  was  positive  for  each 
sawmill  size  class  considered  except  the  smallest.  The  situation  changed  when 
no  tax  credits  were  allowed,  however.  Only  the  15  and  10  million  board  feet  size 
classes  were  economical  under  this  assumption  although  avoided  costs  were 
held  at  the  $0,035  per  kwh  level.  When  no  tax  credits  could  be  taken  and 
avoided  costs  were  reduced  to  $0.0175  per  kwh,  the  worst  scenario,  each  size 
class  had  a  negative  NPV  (Table  6). 

Table  6 

Net  present  value  for  sawmills  cogenerating  24  hours  per  day  for  360  days  per 
year,  according  to  mill  size  and  assumptions  concerning  tax  credits  and  avoided 

costs. 

Net  present  value 


Tax  credits 

No  tax  credits 

No  tax  credits 

Mill  size 

with  avoided 

with  avoided 

with  avoided 

in  mmbf 

costs  at  $0,035 

costs  at  $0,035 

costs  at  $0.0175 

15 

$318,886 

$212,004 

$-268,698 

10 

95,700 

18,419 

-261,931 

5 

8,599 

-34,636 

-135,832 

1 

-2,327 

-17,626 

-43,158 

The  second  set  of  hypothetical  cases  were  sawmills  cogenerating  10  hours  per 
day  for  250  days  per  year  (Table  7).  A  discount  rate  of  15  percent  was  again 
employed  in  all  NPV  calculations.  When  tax  credits  were  taken  and  avoided 
costs  were  at  their  highest  assumed  level  of  $0,035  per  kwh,  only  the  two  largest 
size  class  sawmills  provided  economic  opportunities  for  investment  (Table  7). 
When  no  tax  credits  were  allowed,  but  with  avoided  costs  at  the  $0,035  per  kwh 
level,  only  the  15  million  board  feet  size  class  had  a  positive  NPV.  This  size  class 
remained  the  only  viable  investment  opportunity  under  the  worst  scenario 
(Table  7).  All  other  size  classes  were  uneconomic  when  avoided  costs  were 
reduced  to  $0.0175  per  kwh. 
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Table  7 

Net  present  values  for  sawmills  cogenerating  10  hours  per  day  for  250  days  per 
year,  according  to  mill  size  and  assumptions  concerning  tax  credits  and  avoided 

costs. 


Net  present  value 

Tax  credits 

No  tax  credits 

No  tax  credits 

Mill  size 

with  avoided 

with  avoided 

with  avoided 

in  mmbf 

costs  at  S0.035 

costs  at  S0.035 

costs  at  $0.0175 

15 

$212,010 

$105,128 

$93,748 

10 

65,264 

-12,016 

-29,546 

5 

-20,323 

-63,558 

-70,889 

1 

-26,288 

-41,586 

-44,173 

The  NPV  remained  positive  for  the  15  million  board  feet  size  class  even  when 
avoided  costs  were  reduced  to  their  lowest  assumed  level  because  only  a  small 
percentage  of  the  electricity  generated  was  sold  to  a  utility.  Most  of  it  was  used 
in  the  plant  and  imputed  a  value  of  $0.07  per  kwh.  It  should  be  noted  that  a 
sawmill  producing  15  million  board  feet  of  lumber  annually  and  cogenerating 
24  hours  per  day  has  a  negative  NPV  under  the  worst  assumptions  concerning 
tax  credits  and  avoided  costs  in  Table  6.  The  main  reason  for  the  change  in  sign 
for  the  same  entry  in  Table  7  is  the  much  lower  fuel  cost  per  ton  ($3.58  vs. 
$6.71). 

Conclusion 

The  main  objectives  of  this  research  were  to  construct  a  model  and  computer 
program  for  evaluating  investment  opportunities  in  cogeneration  at  sawmills, 
and  to  use  this  information  to  compute  decision  criteria  for  some  actual  and 
hypothetical  case  studies  applicable  to  West  Virginia.  The  interactive  computer 
program  and  user's  guide  developed  for  this  project  will  be  provided  upon 
request. 

Under  the  assumptions  made  herein  for  the  hypothetical  cases,  incremental 
costs  of  wood  residue  were  as  low  as  $2.00  per  ton  at  the  smallest  sawmills 
studied  (Table  2).  However,  only  under  the  most  favorable  circumstances  was 
it  economical  to  use  wood  residue  as  fuel  at  such  sawmills  despite  its  low  cost. 
Larger  producers,  on  the  other  hand,  sometimes  were  able  to  use  higher  cost 
fuel  economically. 

Total  capital  investment  for  equipping  a  cogenerating  system  requires  a 
sizeable  cash  outlay.  Even  an  entirely  used  system  may  exceed  $350,000  in  cost. 
This,  of  course,  does  not  include  expenditures  for  dry  kilns.  Investment  for  a 
new  system  may  exceed  $2,000,000  (Tables  3  and  5). 
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Firms  A  and  C  produced  acceptable  economic  returns.  When  tax  credits 
were  available,  Firm  B  also  produced  an  attractive  return.  However,  when  no 
tax  credits  were  allowed,  the  NPV  for  Firm  B's  investment  was  negative.  Firm 
B,  of  course,  operated  no  steam-heated  dry  kilns.  The  full  burden  of  producing 
revenue  fell  upon  the  electric  generator.  This  sawmill  was  not  actually  cogener- 
ating  and  the  owner  was  wasting  resources.  Nevertheless,  it  seems  safe  to 
conclude  that  investment  and  energy  tax  credits  encouraged  investment  in 
cogeneration  at  sawmills.  Without  them  some  opportunities  for  investment 
may  be  lost. 

Firm  C  was  involved  in  a  dispute  with  its  utility  over  which  party  would  pay 
the  cost  of  equipment  needed  to  interconnect.  As  a  result,  it  was  unable  to  sell 
any  electricity.  This  cost  Firm  C  an  estimated  $  100,000  per  year  in  lost  revenue. 

The  hypothetical  cases  yielded  some  interesting  results.  For  sawmills 
cogenerating  24  hours  per  day,  under  the  most  favorable  circumstances  all  mill 
size  classes  except  the  very  smallest  provided  economic  investments.  However, 
it  seems  doubtful  that  even  5  million  board  feet  producers  would  provide 
sufficiently  reliable  supplies  of  electricity  to  command  a  $0,035  per  kwh 
avoided  cost  rate.  More  likely,  these  small  manufacturers  would  receive  only 
half  as  much,  being  casual  power  producers,  making  investment  in  cogeneration 
unattractive  for  them. 

The  availability  of  tax  credits  had  a  moderate  influence  on  results.  The  NPV 
for  sawmills  producing  5  million  board  feet  changed  sign  to  negative  with  no  tax 
credits.  The  results  also  were  sensitive  to  decreases  in  electricity  revenue.  All 
size  class  mills  were  uneconomic  when  avoided  costs  were  reduced  by  one-half. 

Cogenerating  for  only  10  hours  per  day  mainly  to  meet  the  plant's  own  needs 
does  not  appear  to  be  as  productive  as  cogenerating  for  longer  periods  and 
selling  the  excess  electricity.  This  is  true  even  with  the  relatively  low  avoided 
cost  rates  assumed  here.  This  study  did  not  seek  an  optimum  schedule  for 
cogeneration.  Such  is  the  topic  for  future  research. 

The  results  of  this  study  indicate  that  investment  in  cogeneration  is 
decidedly  more  attractive  to  the  larger  sawmills,  those  producing  10  million 
board  feet  and  more.  And  it  is  these  sawmills  with  their  greater  resources  which 
often  are  in  a  better  position  to  obtain  financing  for  the  sizeable  investment 
required.  Indeed,  availability  of  financing  is  an  important  factor  in  encouraging 
investment  in  cogeneration. 

Sawmills  producing  15  million  board  feet  of  lumber  annually  would 
probably  find  it  profitable  to  invest  in  a  cogeneration  enterprise  in  West 
Virginia  even  without  investment  and  energy  tax  credits.  Relatively  low 
avoided  cost  rates  mitigate  against  such  investments,  however,  and  may  be  an 
important  reason  why  no  sawmills  cogenerate  in  West  Virginia  at  present. 
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Other  reasons  include  the  large  investment  required  and  lack  of  familiarity  with 
the  technology.  The  prospect  and  uncertainty  of  negotiations  with  a  utility  over 
interconnection  and  avoided  cost  rates  may  also  impede  investment. 

In  1985,  there  were  only  a  handful  of  cogenerating  sawmills  in  operation  in 
the  entire  Southeastern  region.  In  the  neighboring  states  of  Pennsylvania, 
Virginia,  and  Kentucky  there  were  but  three  sawmills  suitable  for  this  research. 
These  were  all  moderately  large  to  large  operations,  which  is  in  accord  with  the 
findings  of  this  research  that  investment  in  cogeneradon  at  small  sawmills  is 
generally  not  economical.  Indeed,  there  appear  to  be  considerable  economies  to 
scale  associated  with  cogeneration  at  sawmills.  Use  of  wood  residue  for  fueling 
boilers  for  purposes  of  cogeneration  at  sawmills  is  still  in  the  experimental 
stage.  Experience  gained  at  the  large  production  units  now  in  operation  will 
help  determine  the  future  prospects  for  cogeneration  at  sawmills. 
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Appendix 
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Appendix  Table  1 

Estimating  cash  flow  for  Firm  A,  a  10  mmbf  sawmill  cogenerating  24  hours  per 
day  for  360  days  per  year.  (Only  investment  tax  credit  taken.) 


Summary  of  Loan 

Repayment 

Year 

Interest 

Principal 

Balance 

1 

32340 

20292 

303108 

2 

30311 

22321 

280787 

3 

28079 

24553 

256234 

4 

25623 

27008 

229225 

5 

22923 

29709 

199516 

6 

19952 

32680 

166836 

7 

16684 

35948 

130888 

8 

13089 

39543 

91344 

9 

9134 

43497 

47847 

10 

4785 

47847 

0 
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Appendix  Table  2 

Estimating  cash  flow  for  Firm  A,  a  1 0  mmbf  sawmill  cogenerating  24  hours  per 
day  for  360  days  per  year.  (No  tax  credits  taken.) 


Summary  of  Loan 

Repayment 

Year 

Interest 

Principal 

Balance 

1 

32340 

20292 

303108 

2 

30311 

22321 

280787 

3 

28079 

24553 

256234 

4 

25623 

27008 

229225 

5 

22923 

29709 

199516 

6 

19952 

32680 

166836 

7 

16684 

35948 

130888 

8 

13089 

39543 

91344 

9 

9134 

43497 

47847 

10 

4785 

47847 

0 

22 


^ 

ei 

o 

U 

C 

cu 

H 

< 

Z 

c« 

U 

X 

rt 

H 

u 

u 

o 

c« 

c 

H 

:^ 

*« 

o 

0 

u 

V 

s 

C 

u 

> 

a 

X 

Vi 

u 

-M 

S 

o 

•p« 

c 

0 

4-1 

u 

« 

Q 

^ 

(« 

0 

U 

l< 

>- 

00^~0^vO-^QOOC^O^c<^Tt<r-lT}'Ttllr^t^TJ«O^Tf\0 

cx>ooocoooooLnmm\ovocNCNfOr<~)Tj<inmvor^oo 


U-imO<N0000CX>CNC~^O 
CN-^CNCNcnoOONONO'-' 


rr 

_c 

Tt< 

rt< 

in 

r^ 

Tf 

o> 

■^ 

VD 

t^ 

r^ 

'^ 

CN 

00 

m 

Ch 

o 

r^ 

fN 

Tt- 

F— 1 

o 

<N 

\o 

Tt< 

Tt- 

00 

m 

>o 

l^ 

r^ 

0^ 

in 

CN 

On 

VO 

-^ 

(N 

CN 

CM 

r^ 

r<-l 

■^ 

in 

in 

vO 

c^ 

00 

vO 

Tf 

vO 

^ 

m 

.^ 

c> 

in 

On 

00 

00 

vO 

ro 

On 

CM 

■^ 

m 

t^ 

cs 

o 

Os 

l^ 

r^ 

tT 

00 

m 

CM 

in 

^ 

r^ 

On 

m 

0^ 

o 

in 

vo 

M' 

r^ 

m 

I>- 

t^ 

<N 

o 

1— ( 

un 

fN 

CM 

O 

'^ 

CM 

rO 

in 

oo 

oo 

r^ 

in 

fO 

"^ 

o 

Ln 

o 

(^ 

00 

tT 

o 

vO 

rO 

00 

m 

00 

-^ 

Os 

in 

nj 

oo 

in 

CN 

^^ 

CN 

CM 

r<-) 

t^ 

t^ 

00 

OS 

Ch 

O 

o 

^^ 

CM 

CM 

m 

'* 

"^ 

in 

OO00v000-H0^00t^O0^C^^ 


o  00  vo  T}* 


OOOn    —    ONcnOt^OCM 

o-^inT;tina>omvo 
inm-^invoinr^ooo\ 


lnCMt:^CM00O^^O-H00O^ 
ONTt<r<-)OOI>CMf<^OCM-^ 
■D<in>ot>o\CMinoNf<-)oo 
cMrOTj<invoooa\OCMf<^ 


,^^^-^rtCMCMCMmCMCNCMCMf<^f<^r<^ 


CM  00  in  in  o  —  -H 

—  m  ON  00  — H  t^  c^ 


fsiTf^-^inoocM-^vo-^ONm>ocM 

— iOnCMOs-^OnOJ" 


'jJ'OvOrO-HOOvOinc^rOCMf^c^in 
CMmrOTfininvot^ooosO^^cMcn 


o  in  in  m  t^  ^ 

t^    On    CM    MD    O    in 

Tf  in  c~~  00  o  -^ 

CMCMCMCMCMCMCMCMf<^r<-i 


l>-   in 

in  00 
00  ■* 
O  — I    -  . 
CM  m 


r0a^vOlnO^fOCMlnCM•^^OlnO^O^00Tr 

-     -     -  inot^-^ooocM'* 

— crj<int>.00OTj<0N 
cMOONONomvoo 
vo  00  ON 
m  f<*i  CO 


vo  m  >o  NO  CM 

C^l  Tf  vO  On  m 


r-  00  CM  —  00  00  en 

-   -   -   --      ^  (SI 

,  _  _  ,  ,  ,  CM  00 
^  ■  ■  V  ,  .  ,  -Tf  in  NO  00  On  -^  CM 
CMCMCMCMOJCMCMCMCNmm 


-^  ^  NO  00  -^ 

rj<    TJ"    ^    ^   in 


O    O  NO  CM  ON  C— 

On  C^  in  On  m 

ON  NO  I>-  00  CM 

in  00  —1  Tt  00 


ooTrooinooinomomcM 
r^m'—  Tj<cMoomooNOoor^ 
t^inint^cMONOmoOTf 
-^inoNmoocMoomoNin-^ 


TfTfinininNONONOt^r^oooooNONO-^ 


O  On  NO  ^ 

in  ro  NO  in 

CM  ■<;t  O  ^ 

00  in  m  ^^ 

-^  CM  m  T}< 


O  00  in  CM  CM  CM 

m  m  On  On  ON 

—  t^  t^  t^  t:~~ 

ON  NO  CM  CM  CM 

in  00  00  00  00 


ooooooooooooooo 


*-    r^      in 
«    T!       no 


ooooooooooooooooooooo 


O^CMrOTfinNOt^ooONO-^CMrOTt 


in  NO  t^  00  Ov  o 

— I       — I       -^       -H       -H      CM 


23 


Appendix  Table  3 

Estimating  cash  flow  for  a  15  mmbf  sawmill  cogenerating  24  hours  per  day  for 
360  days  per  year.  (Both  tax  credits  taken  with  avoided  costs  at  $0,035  per  kwh.) 


Summary  of  Loan  Repayment 

Year 

Interest 

Principal 

Balance 

1 

57963 

27525 

455496 

2 

54660 

30828 

424669 

3 

50960 

34527 

390142 

4 

46817 

38670 

351472 

5 

42177 

43310 

308161 

6 

36979 

48508 

259654 

7 

31158 

54329 

205325 

8 

24639 

60848 

144477 

9 

17337 

68150 
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Appendix  Table  4 

Estimating  cash  flow  for  a  15  mmbf  sawmill  cogenerating  24  hours  per  day  for 
360  days  per  year.  (No  tax  credits  taken  with  avoided  costs  at  $0,035  per  kwh.) 


Summary  of  Loan  Repayment 

Year 

Interest 

Principal 

Balance 

1 

57963 

27525 

455496 

2 

54660 

30828 

424669 

3 

50960 

34527 

390142 

4 

46817 

38670 

351472 

5 

42177 

43310 

308161 

6 

36979 

48508 

259654 

7 

31158 

54329 

205325 

8 

24639 

60848 

144477 

9 

17337 

68150 

76327 

10 

9159 

76328 

0 

\ 


26 


CQ  0 

< 

en 
X 

H 

O&M 

costs 

S 
C 

> 

•>4 

Q 

2  s. 

ST  o 

"^ 

00 

o 

OS 

o 

On 

*— ^ 

o 

in 

CO 

'^ 

fN 

^H 

O 

l^ 

(N 

00 

O 

CT) 

■—I 

■— 1 

0^00^0-^OOT^fOU-^00000-^ 
^-^-rfON— lOOt^OJOOONOO-^-^ 


Tj<  CM  m 
r^  00 


CNOOCNrOCNOOON— iinoOCNvOO"*OOCNvO 


00  00  ^  vo  vo  in  ■<f 

O    O    (N    <N    <N    <N    (N 


ONCNinOvCNvDONCNvoON 


(N 

o 

(N 

On 

CO 

o\ 

r^ 

fN 

CO 

CO 

o 

00 

o 

o 

r_| 

-^ 

(N 

CO 

r^ 

^H 

vO 

0^ 

CO 

in 

<N 

r^ 

1— H 

OS 

o 

VO 

'^ 

rf 

in 

r^ 

00 

r^ 

^ 

vO 

O 

O 

r^ 

r^ 

t^ 

ON 

CO 

in 

00 

(N 

vO 

^ 

tT 

00 

fN 

VO 

O 

ro 

in 

O 

tT 

tT 

o 

r^ 

CO 

^H 

Os 

fN 

in 

0\ 

(N 

vO 

On 

fN 

VO 

On 

1 

CO 

1 

CM 

1 

1 

1 

t^ 

00 

00 

On 

o 

O 

.—1 

'"' 

^^ 

■"^ 

(M 

<N 

(N 

CO 

CO 

CO 

O 

00 

_i 

in 

VO 

-^ 

,_i 

in 

00 

r^ 

CO 

r^ 

t^ 

, 1 

NO 

00 

"^ 

00 

VO 

On 

in 

r~ 

CO 

ON 

00 

00 

O 

00 

t^ 

fN 

00 

ON 

og 

t^ 

fN 

00 

in 

r^ 

^H 

vO 

VD 

O 

On 

CO 

fN 

in 

CO 

-rr 

CO 

^ 

in 

00 

VO 

<N 

00 

NO 

ON 

(N 

CO 

fN 

On 

On 

vO 

rr 

(N 

1-H 

o 

in 

o 

in 

o 

NO 

t^ 

fN 

00 

1 

1 

On 

O 

CM 

CO 

tT 

Tf 

in 

in 

>o 

NO 

t^ 

l>- 

oo 

00 

<N  00  CO 

-H  vo  Tt 

in  CO  o 

I  VO  00 

Tj"  fN 

I  I 


CO  00  c-  -^ 
o  -^  o  in 

O  (N  CO  CO 


coinc^^NocONOfNcoo 


t>  O  00  -H  NO 
NO  On  fN  00  -^ 


Tt<t>-— ^NOfNONOvO"^ 


-^  it^ooO'-^cOTfiinvot^ 


■^  CM 

CM  ^ 

CO  CM  --H 

00  On  O 


_  in  NO 
^  ^  CM 

O  On  00 
CM 


-^--HCMfNCMCMCMCMCMCMCMcOcOcOcO 


O  OvI  O  O  Tt 

t>  ON  t^  ^^  .  . 

-H  CO  NO  O  -^ 

Tf  in  NO  00  On 


NOONt^cocMC^TfNoooNoin 

CMOVOOCMCMCM— <00-^ 

ONrt— lOONOinuoNooO'-^ 
ocNTfinc^ON^^coinoo 


CMfNCNtNCMcOcOcOcOcOcOTf-'^'TtiTf 


o  t^  CO  CO  in 

■>:?'  00  NO  I>  CM 

in  o  t^  in  in 

o  CO  in  00  -^ 

in  in  in  in  NO 


oini>-oOTj<cONOt^Tj<t:^CMin 

c~~oooNO'^ONOOooinooco 


t^  in  -^ 

CM  -e*  c^ 

CO  in  t> 

^  ^  ^ 


o 
inoocofNincONONOco 


-H      NO     CO     '^ 

o  CM  in  00 


^   CO   c^ 

Tf      t>-      O 


ininininNONONOt^ 


CO   NO   CO   00   CM   o   ■<e< 


NO^^TflNONOC^ONTf 

C^— irtOOTfcONOm 
OO-^TfOOOOO-H 

oocMNOomONTto 


C^OOOOOnOnOnO^ 


On  r^  ■<;}<  O  O  ■<*' 

00  On  in  CM  in  o 

On  On  On  00  NO  in 

-H  in  o  NO  CO  ^ 

CO  ■<;J<  NO  t^  On 


Tt*  in  r^ 

Tf  CO  Tf 

Tfi  in  00 

O  O  — ' 

CO  in  t^ 


in  00  On 

in  CO  t^ 

Tf  -Tf  00  00  Tf 

Tf  00  CO 

On  — <  -Jf 


t^Nom— iNooOTfON 
NOONNOooinONom 

00  O  CM  in  On  C^ 
OOnOnCMnoCMO'— 
t^ONCMNOONCOO-^ 


CMfNfNfNCMcococococOTfTfTfTfinininNONOi>- 


o  00  00  i>-  r^  i> 

On  o  in  in  in 

00  On    On  On  On 

-H  -.[f    NO  NO  NO 

CO  t^    NO  NO  NO 


OOOOOOOOOOOOOOO 


oooooooooooooooooooo 


o^^CMco-^inNot^oooNO^^CNco-^inNoc^oooNO 


27 


Appendix  Table  5 

Estimating  cash  flow  for  a  15  mmbf  sawmill  cogenerating  24  hours  per  day  for 
360  days  per  year.  (No  tax  credits  taken  with  avoided  costs  at  10.0175  per  kwh.) 


Summary  of  Loan 

Repayment 

Year 

Interest 

Principal 

Balance 

1 

57963 

27525 

455496 

2 

54660 

30828 

424669 

3 

50960 

34527 

390142 

4 

46817 

38670 

351472 

5 

42177 

43310 

308161 

6 

36979 

48508 

259654 

7 

31158 

54329 

205325 
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24639 

60848 

144477 

9 

17337 

68150 

76327 

10 

9159 

76328 
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